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Abstract The aim of this work was to estimate the con-

tent and composition of n-3 long chain polyunsaturated

fatty acids in selected gammarid species commonly

occurring in fresh waters of Central and Western Europe.

Five gammarid species were investigated, two native, one

old invader consider as semi-native and two Ponto-Caspian

species invading the area in the last decade. Lipid content

of evaluated species ranged from 75 to 130 g kg�1 of dry

weight. Significant amounts of n-3 LC PUFA were found

in the lipid fraction of analyzed gammarids 11–23% of

total fatty acids, especially in the Ponto-Caspian species.

The main n-3 fatty acid was EPA—up to 16% of total fatty

acids. The ratio of n-6 to n-3 was nutritionally desirable,

especially in the case of the Ponto-Caspian species. The

results obtained and growing biomass of gammarids

observed in fresh waters of Central and Western Europe, as

well as the rapid depletion of sea fish communities leads us

to the idea that these gammarids might be considered as a

innovative source of n-3 LC PUFA for nutritional, phar-

maceutical and animal feeding purposes.

Keywords Amphipods � Crustaceans �
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Introduction

During last decades it has been well established that long

chain omega-3 polyunsaturated fatty acids (n-3 LC PUFA)

have a beneficial influence on human health [1]. These fatty

acids consist mainly of eicosapentaenoic acid (EPA C20:5),

docosahexaenoic acid (DHA C22:6) and, to a lesser extent,

docosapentaenoic acid (DPA C22:5). An increased interest

in the potential health benefits of n-3 LC PUFA started in the

1970s. This was initiated by epidemiological findings of

Bang et al. [2], who discovered that Greenland Eskimos have

an extremely low incidence of cardiovascular diseases,

despite their diet rich in fat, saturated fatty acids and cho-

lesterol in comparison to continental Danes. The explanation

of this phenomenon was high dietary intake of long chain n-3

PUFA of marine origin. This finding stimulated worldwide

research resulting in a large number of epidemiological,

animal and clinical studies investigating the potentially

beneficial health influence of n-3 PUFA, especially long

chain EPA and DHA intake [2, 3]. The combined results of

these studies suggest that n-3 fatty acids may be a potent

factor in the prevention and treatment of many diseases, i.e.,

cardiovascular diseases, certain types of cancer and diseases

with an immuno-inflammatory component [4, 5]. Addition-

ally it was discovered that they are necessary for proper

development and functioning of the brain, retina and testis.

LC PUFA play a crucial role in cell membranes structure

and function [1]. From n-3 LC PUFA many regulatory

substances are formed, e.g. specific prostaglandins, prosta-

cyclins, thromboxane and leucotrienes exerting a positive

influence on human body functions [5]. The level of n-3 LC

PUFA in the body strictly depends on its level in the diet.

However, the average level of n-3 LC PUFA intake with the

Western-style diet is far below the recommended minimum,

which is considered to be 0.2–0.4 g per person per day
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[6–10]. Moreover, the ratio of n-6 to n-3 PUFA in the diet is

recommended to be not higher than 4:1 however, usually it

is approximately 10:1 or even higher mainly due to high

vegetable fat consumption and low intake of fish [8].

The main source of n-3 LC PUFA for nutritional and

pharmaceutical purposes is fish, especially sea fish, as well

as other marine animals (e.g. seals, krill) or algae and its

oils [11]. Fish cannot synthesize n-3 LC PUFA and its level

in the fish body and in fish oil depends on its diet. For sea

fish and other marine animals, the main source of n-3 LC

PUFA is plankton containing some species of algae and

simple fungi synthesizing these fatty acids [12]. Fish

incorporate n-3 LC PUFA into body tissues from plankton

and predators from plankton-eating fish. Fresh water fish

are known to contain a much lower amount of n-3 LC

PUFA than those from the sea. However, also some

freshwater predatory fish species may also contain high

levels of these fatty acids, e.g. trout [13]. The answer to the

question of how n-3 LC PUFA are incorporated into trout

body tissues may be its feeding behavior and preferences. It

is well known among fly-anglers that in natural conditions

trout preferably choose gammarids (Amphipoda)—small

crustaceans occurring commonly in fresh waters, as well

as in seas both cold and warm [14, 15]. Moreover, some

biological similarity between gammarids and Antarctic

krill (Euphausia) suggests that the lipid composition of

gammarids may be similar to the composition of krill

[15, 16]. This leads to the supposition that the main dietary

source of n-3 LC PUFA for trout might be gammarids.

In the last two decades, gradual and permanent increase

of gammarid biomass in fresh waters of Central and

Western Europe have been observed. This is mainly caused

by several species of so-called invasive gammarids species

migrating from the basins of Caspian and Black Seas

along the river and artificial canal systems to the Central

and Western Europe [17]. Examples of such migration

are Pontogammarus robustoides and Dikerogammarus

haemobaphes—formally named Ponto-Caspian species

[18, 19]. These gammarid species show much higher

fecundity, brood size, number of generations per year,

salinity tolerance and anthropopression resistance (water

pollution, sewages, agrochemicals) than species of native

fauna of this region [17, 18, 20]. It was found that

gammarid density in fresh and brackish waters of Central

and Western Europe (e.g. Odra or Vistula Rivers) increases

each year and may reach up to or even exceed 50 · 103

animals per m�2, depending on place, depth and season

[21–23]. This leads to an additional supposition that

gammarids (of this high biomass increase) might be

potentially commercially farmed and used as a innovative

source of long chain omega-3 PUFA, as well as a natural

feed for farmed trout, as has been done in the case of krill

and farmed salmon [24]. This could increase the amount of

nutritionally desirable n-3 LC PUFA in tissues of trout (and

other animals) potentially farmed on gammarids as natural

and organic aquaculture feed.

Hence the aim of this study was to estimate the content

and composition of n-3 LC PUFA in gammarid species

most commonly occurring in fresh waters of Central and

Western Europe.

Experimental Procedures

Materials

Five gammarid species most commonly occurring in fresh

waters of Poland were investigated: Gammarus fossarum

collected from Struga Dobieszkowska River E19�320,
N51�240; Gammarus pulex—from Stradanka River E19�320,
N54�180; Gammarus roeseli—from Notec River E18�300,
N52�240; Pontogammarus robustoides and Dikerogammarus

haemobaphes—from Wloclawski Reservoir (built on the

Vistula River) E19�300, N52�350. G. fossarum and G. pulex

were native species typical for benthic fauna of Polish fresh

waters. Pontogammarus robustoides and D. haemobaphes

are Ponto-Caspian species which invaded this region in the

last decade. Gammarus roeseli might be considered as semi-

native, this species immigrated into Central Europe many

years ago from the Balkans and became a member of the

typical fauna of this region. Sampling was carried out in

May 2005 (Fig. 1). Additionally wild rainbow trout caught

in May 2005 in the Skotawa River E17�150, N54�200 were

analyzed.

Sample Preparation

Freshly caught (live) gammarid samples were quickly

taken to our laboratory. Samples were rinsed with fresh

Fig. 1 Image of analyzed gammarids, example of Pontogammarus
robustoides
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water to eliminate foreign materials. Then, external water

was eliminated from the samples by drying on a paper

towel under air flow. Samples were measured, weighed and

moisture content examined gravimetrically after drying at

70 �C until constant weight.

The lipid fraction was extracted according to the Folch

method [25]. One gram of fresh sample was homogenized

in a cold mixture of chloroform–methanol (2:1). After fil-

tering the solid residue was washed with a chloroform–

methanol mixture and filtered. The combined filtrates were

transferred to the measuring cylinder and one quarter of the

total volume of the filtrate of water was added. The mixture

was shaken thoroughly and the two phases were allowed to

separate. The lower chloroform phase was removed, dried

over anhydrous Na2SO4, then roto-evaporated under vac-

uum at 40 �C. The lipid fraction obtained was covered by

nitrogen, weighed and washed out from the evaporation

flask using hexane, additionally dried by passing through

anhydrous Na2SO4, then closed in a small vials under

nitrogen.

To convert fatty acids to methyl esters (FAME), hexane

was evaporated by nitrogen flow. The dry lipid fraction was

saponified by 0.5 N solution NaOH with methanol, covered

with nitrogen, mixed and heated in the water-bath at

boiling point for 40 min. The saponified sample was

transmethylated with 14% BF3 in methanol reagent, cov-

ered with nitrogen, at boiling point for 3 min. After that,

the mixture was cooled and 3 mL hexane was added,

covered with nitrogen and shaken vigorously for 30 s while

still warm. Then 40 mL of saturated water solution of NaCl

was added and shaken vigorously. After separation, the

hexane layer was transferred by syringe to the thin glass

tube and additionally dried over anhydrous Na2SO4 and

decanted to clean vial, covered with nitrogen and capped.

One lL of prepared FAME was injected in to the chro-

matograph under appropriate conditions. As internal

standard tricosanoic acid (C23:0) methyl ester was used

(Sigma-Aldrich, Steinheim, Germany). FAME were pre-

pared according to slightly modified AOCS method Ce 1b-

89 [26].

Chromatography

The analysis of FAME was performed by GC using an

Agilent 6890 N instrument (Agilent, Böblingen, Germany)

equipped with Rtx 2330 silica capillary column of 100 m

length, 0.25 mm ID, df 0.1 lm (Restek Corp, Bellefonte,

USA). Hydrogen was used as the carrier gas at a flow rate of

0.9 mL s�1. A split-splitless (50:1) injector at 235 �C and

flame-ionization detector (FID) at 250 �C were used. The

column temperature was programmed as follows: initial

155 �C, time 55 min, then increased at 1.5 �C min�1 to a

final temperature of 210 �C. Each sample was analyzed

in triplicate. Results were collected in Chem-station and

transformed using software HP-Chem (Hewlett Packard,

Palo Alto, USA). Peaks were identified by comparison

with known standards: menhaden reference oil (Supelco,

Germany) and FAME Mix Supelco 37 (Supelco, Germany).

Results were reported as peaks area percentages.

Data Analysis

The results obtained were statistically analyzed using a

one-way analysis of variance (ANOVA) to check the

significance of differences in levels of particular fatty acids

among measurements and among analyzed gammarid

species. Results were analyzed using Statgraphics Plus ver

4.1 software, at a significance level of p < 0.01.

Results and Discussion

The preliminary evaluation showed differentiation between

analyzed gammarid species in mean size, dry weight and

lipid fraction. The results are presented in Table 1. The

samples of the Ponto-Caspian species were significantly

greater in size and weight than the native ones. The highest

amount of the lipid fraction was shown by P. robustoides,

the lowest one in the case of native G. pulex. In the lipid

fraction of analyzed gammarids 43 fatty acids were found.

However, significant levels were shown for 15 fatty acids

(Fig. 2; Table 2).

The predominant fatty acids in all gammarids samples

was monounsaturated C18:1 n-9 (19–23%) and saturated

C16:0 (17–24.5%). The other fatty acids of comparatively

high level were polyunsaturated C18:2 n-6 linoleic acid

(5.1–18%) and C20:5 n-3 EPA (5–16%) and monounsat-

urated C16:1 (5.5–10%). Differentiation in the level of n-3

LC PUFA among the samples was observed, ranging from

11.1 to 31.1% of total fatty acids (Fig. 3). The highest level

of n-3 LC PUFA was found in D. haemobaphes and

P. robustoides, which did not differ significantly from each

other. Percentage ranges of particular n-3 LC PUFA were:

EPA 5.1–16.2, DPA 0.5–2.4, DHA 1.5–4.2 of all fatty

acids. The total level of omega-3 LC PUFA in wet weight

averaged 1.4–7.8 g kg�1, i.e., 5.3–28.3 g kg�1 in dry weight,

depending on the gammarid species (Fig. 4). The highest

level of n-3 LC PUFA was found in P. robustoides, the

lowest in G. pulex. The ratio of n-6 to n-3 PUFA was

significantly lower (two or three times) in the lipid fraction

of Ponto-Caspian species than in the native ones (approx-

imately 1:2.5 and 1:0.8, respectively).

Comparison of analyzed gammarid species to trout

showed that the fatty acids composition of the gammarids
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was similar to trout in the total content of saturated, mono

and polyunsaturated fatty acids. However, the profile of

polyunsaturated fatty acids differed significantly. The main

difference was found in the levels of EPA and DHA. In all

analyzed gammarids the predominant n-3 LC PUFA was

EPA, DHA occurred in much less extend (5–16.2% and

1.5–4.2%, respectively). In contrast, trout (as well as other

fish) contained significantly lower levels of EPA than

DHA. The ratio of n-6 to n-3 PUFA in the lipid fraction of

Ponto-Caspian species was similar to the one of trout and

significantly lower than in the native and semi native

species (Table 2).

Differences in PUFA composition were also found

among gammarid species. Native G. fossarum and G. pulex,

as well as semi-native G. roeseli contained much higher

amounts of linoleic acid C18:2 n-6 (13.0–18.2%) than the

Ponto-Caspian species (5.1–6.2%). Similarly in the case of

alpha-linolenic acid C18:3 n-3, the natives contained its

higher amount than the Ponto-Caspians (4.5–7.1% vs. 2.2–

2.5%, respectively). In the case of long chain PUFA the

EPA level was found to be significantly higher in the Ponto-

Caspian species than in the native ones (16% vs. 5–9%,

respectively), in G. roeseli the level of EPA was inter-

mediate (13%). Less differentiation but, however, also

significant, was observed in the DPA and DHA levels. In

general, both DPA and DHA levels were significantly

higher in the Ponto-Caspian species (1.6–2.4% and 3.3%,

respectively) than in the native ones (0.5% and 1.5–2%,

respectively). The levels of DPA and DHA in G. roeseli

were 0.9 and 4.2%, respectively.

The results obtained showed that the level of n-3 LC

PUFA in analyzed gammarids, especially the Ponto-

Caspian species, is high and comparable to Antarctic krill

and trout and even higher that in some lean fish species

(Fig. 5). Comparison of composition of analyzed gam-

marids to the Antarctic krill (mean of Euphausia superba

and Euphausia crystallorophias) showed much lower (two

times) content of the lipid fraction and a similar content of

dry weight [15, 27]. Fatty acids composition was com-

parable in the levels of C16:0 and C22:6 n-3 DHA. The

level of C20:5 n-3 EPA was intermediate, i.e., lower in

the native gammarid species and higher in the Ponto-

Caspian ones than in krill. Total content of saturated and

monounsaturated fatty acids was lower, however, poly-

unsaturated—higher than in krill. Total n-3 LC PUFA

content in wet weight was lower in the native gammarids

and similar in the Ponto-Caspian species in comparison to

krill (Fig. 5).

The results obtained of the gammarids fatty acids

examinations were also compared to trout (analyzed in the

study) and salmon, tuna and cod (according to the USDA

nutrient database data) [28]. Comparison of analyzed

gammarids to fatty fish like salmon showed a significantly

higher amount of n-3 LC PUFA in salmon due to its very

high fat content (200–300 g kg�1), whereas fat content of

the gammarids was approximately ten times lower. How-

ever, the percentage composition of fatty acids showed

higher level of n-3 LC PUFA in the Ponto-Caspian

gammarid species than in salmon. This was in contrast to

lean fish, which contain a higher percentage of n-3 LC

PUFA in the fatty acids composition than the analyzed

gammarids. These observations are in agreement with

others showing that the lower lipid content the higher

percentage of n-3 LC PUFA, which are situated in greater

extent in membrane phospholipids then in storage lipids

[29, 30]. A relatively high percentage of n-3 LC PUFA in

the gammarids fatty acid composition suggests that these

fatty acids might be situated mainly in tissue cell mem-

branes. Nevertheless, the highest similarities were found

Table 1 Mean basic composition of analyzed gammarid samples

Gammarid species Mean weight

(mg)

Weight range

(mg)

Mean size

(cm)

Size range

(cm)

Dry weight,

mean (g kg�1)

Lipids in wet

weight (g kg�1)

Lipids in dry

weight (g kg�1)

G. fossarum 9.7 4.8–14.6 0.8 0.5–1.5 268.2 29.5 109.9

G. pulex 8.6 4.7–12.5 0.7 0.4–1.3 269.3 20.0 75.1

G. roeseli 20.1 10.9–29.3 0.9 0.6–1.6 266.0 20.1 77.0

D. haemobaphes 56.2 42.2–70.3 1.8 1.2–2.0 270.1 21.3 78.9

P. robustoides 62.4 47.8–76.7 2.1 1.5–2.4 275.3 36.1 131.1

Fig. 2 Chromatogram of FAME analysis, example of Pontogamm-
arus robustoides, 1 C14:0, 2 C15:0, 3 C16:0, 4 C16:1, 5 C18:0, 6
C18:1n-9, 7 C18:1n-7, 8 C18:2n-6, 9 C18:3n-3, 10 C20:1, 11 C20:4n-

6, 12 C23:0 internal standard, 13 C20:5n-3 EPA, 14 C22:5n-3 DPA,

15 C22:6n-3 DHA
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Table 2 Composition of fatty acids (% of total fatty acids) of analyzed gammarid species compared to wild trout

Fatty acids G. fossarum G. pulex G. roeseli D. haemobaphes P. robustoides Trout wild

C14:0 4.1 ± 0.4 2.2 ± 0.6 1.2 ± 0.3 3.3 ± 1.2 4.2 ± 0.9 3.9 ± 0.4

C15:0 0.5 ± 0.3 0.9 ± 0.1 1.4 ± 0.5 1.2 ± 0.4 1.1 ± 0.3 1.0 ± 0.2

C16:0 17.2 ± 0.4 24.5 ± 1.1 17.3 ± 1.9 19.9 ± 2.0 18.5 ± 2.3 20.4 ± 1.4

C17:0 0.5 ± 0.3 0.7 ± 0.2 1.3 ± 0.4 1.2 ± 0.5 1.4 ± 0.2 0.5 ± 0.2

C18:0 2.9 ± 0.1 5.5 ± 0.2 2.7 ± 0.6 3.5 ± 0.6 3.6 ± 0.7 4.4 ± 0.5

Total SFA 25.2 ± 0.3 33.8 ± 0.4 23.9 ± 0.7 29.1 ± 0.9 28.8 ± 0.8 30.2 ± 0.5

C16:1n-9 + n-7 7.1 ± 1.5 6.7 ± 0.5 5.6 ± 1.3 10.5 ± 2.4 10.1 ± 1.1 7.5 ± 0.8

C18:1n-9 23.2 ± 0.8 28.5 ± 1.1 19.1 ± 1.6 22.1 ± 3.1 20.6 ± 1.0 17.0 ± 0.9

C18:1n-7 3.8 ± 0.5 3.3 ± 0.4 4.1 ± 0.4 4.9 ± 0.6 4.8 ± 0.4 5.8 ± 0.6

C20:1 1.4 ± 0.2 1.0 ± 0.3 1.5 ± 0.5 1.1 ± 0.3 1.4 ± 0.3 2.3 ± 0.5

Total MUFA 35.5 ± 0.6 39.5 ± 0.4 30.3 ± 0.7 38.6 ± 1.2 36.9 ± 0.5 32.6 ± 0.5

C18:2n-6 18.2 ± 0.2 13.0 ± 0.5 15.1 ± 0.6 5.1 ± 0.8 6.2 ± 1.1 8.2 ± 0.9

C18:3n-3 6.4 ± 0.6 4.5 ± 0.2 7.1 ± 0.9 2.2 ± 0.5 2.5 ± 0.3 2.8 ± 0.5

C20:4n-6 2.9 ± 0.2 2.2 ± 0.6 5.2 ± 0.6 3.8 ± 0.4 4.0 ± 0.7 2.3 ± 0.4

C20:5n-3 EPA 9.3 ± 0.8 5.0 ± 1.1 13.3 ± 2.9 16.2 ± 1.3 15.9 ± 1.4 6.9 ± 0.8

C22:5n-3 DPA 0.5 ± 0.3 0.5 ± 0.2 0.9 ± 0.3 1.6 ± 0.2 2.4 ± 0.3 2.2 ± 0.4

C22:6n-3 DHA 2.0 ± 0.2 1.5 ± 0.7 4.2 ± 1.1 3.4 ± 0.5 3.3 ± 0.4 14.8 ± 1.2

Total PUFA 39.3 ± 0.4 26.7 ± 0.6 45.8 ± 1.0 32.3 ± 0.6 34.3 ± 0.7 37.2 ± 0.7

Total n-3 PUFA 18.2 ± 0.4 11.5 ± 0.5 25.5 ± 1.3 23.4 ± 0.6 24.1 ± 0.6 26.7 ± 0.7

Total n-6 PUFA 21.1 ± 0.2 15.2 ± 0.5 20.3 ± 0.6 8.9 ± 0.6 10.2 ± 0.9 10.5 ± 0.6

Ratio n-6:n-3 1:0.86 ± 0.03 1:0.75 ± 0.05 1:1.25 ± 0.1 1:2.62 ± 0.24 1:2.36 ± 0.26 1:2.54 ± 0.25
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between analyzed Ponto-Caspian gammarid species and

trout, especially in the case of total n-3 LC PUFA levels in

wet and dry weights, as well as in their percentage of fatty

acid composition.

In the study of Makhutova and coworkers [31] it was

suggested that gammarids may selectively consume some

particles containing EPA from bottom sediments. The

selective consumption of n-3 LC PUFA-rich bottom

sediment particles by zoobenthos was also reported by

Goedkoop and colleagues [32]. Moreover, it was observed

that gammarids invading fresh waters of Central and

Western Europe, e.g. the Ponto-Caspian species may show

predatory behavior, in certain conditions [20]. This can

additionally increase the n-3 LC PUFA content in the

gammarids’ lipid fraction. Graeve and co-workers [15]

suggested that Antarctic amphipods can adapt their fatty

acids composition to the nutritional condition in both,

storage and membrane lipids. Depending on season and

food availability they can change their diet. This could be

also possible in the case of freshwater amphipods like

gammarids and their fatty acid composition may differ

depending on season and nutritional conditions. Moreover,

Arts and coworkers [16] indicated that the level of EPA

and DHA within amphipod tissues could be highest in

spring and fall, when food quality (in terms of LC PUFA

content) of freshly sedimenting matter is highest because of

the inclusion of diatoms, dinoflagellates and cryptomonad

algae. A hypothetical model of potential yields of EPA and

DHA in prairie ponds of varying surface area was also

proposed. These authors supposed that several tons of EPA

and DHA could be present in a large pond where amphi-

pods occur at high density. Similar effect might be also

expected in the case of gammarids analyzed in this study,

especially Ponto-Caspian species. These gammarids are

more vital than others occurring in fresh waters of Central

and Western Europe and their biomass increases each year

[17–19, 21].

It is supposed that the Ponto-Caspian gammarids could

be farmed in shallow ponds and might become a innovative

and efficient source of n-3 LC PUFA. Depending on pond

area and animal density such aquaculture might give sev-

eral tons of n-3 LC PUFA, especially EPA. As an example

P. robustoides could be taken. During this study it was

shown that this gammarid contains the highest level of n-3

LC PUFA—approximately 6.9 g kg�1 in the wet weight

(i.e., 25 g kg�1 in dry weight), among other analyzed ones.

It could be estimated that P. robustoides farmed in a large

pond of 1 ha area and 1.5 m depth, where the mean density

is high, assumed as 50 · 103 animals m�2, might give a

potential harvest of approximately 1.12 tons of gammarid

oil containing high concentration of n-3 LC PUFA, mainly

EPA (Table 3). Pontogammarus robustoides partial fec-

undity and number of generation per year are assumed

to be 5.1 and 3, respectively, which are the highest among

the species analyzed [19]. This suggests that in natural

conditions at least three such harvests per year could be

obtained.

Various species of gammarids commonly occur in fresh

and sea waters worldwide. Due to rapid depletion of sea

fish communities [33] farmed gammarids could be regarded

as a potentially innovative source of omega-3 LC PUFA

rich oil for nutritional, pharmaceutical and animal feeding

purposes. Farmed gammarids could be also used for the

production of feed for fish aquaculture or for pet food.

Under the conditions above one could expect to obtain

approximately 31 tons of wet or 8.5 tons of dry gammarid

mass for possible use as feed for fish aquaculture.
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Table 3 Estimated potential harvest of n-3 LC PUFA, wet and dry

gammarids mass in example of Pontogammarus robustoides farmed

in ponds of varying surface area and 1.5 m depth, assumed mean

density ca. 50 · 103 animals m�2

Potential harvest Pond area (m2)

100 500 1,000 2,500 5,000 10,000

Gammarid wet mass, t 0.3 1.5 3.1 7.7 15.5 31

Gammarid dry mass, t 0.08 0.4 0.85 2.1 4.2 8.5

Gammarid oil, t 0.01 0.05 0.11 0.27 0.55 1.12

n-3 LC PUFA, t 0.002 0.01 0.02 0.05 0.12 0.25
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Moreover, gammarids could be considered as natural and

organic feed for farmed trout and other predatory fresh-

water fish, which in the wild preferably consume these

crustaceans.
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